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□ 
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fs^pT 7n^?"?;^ ' ^^P^^ ^"^^^^ ^""^^'^ ^^"*^*"'"9 ^edifications J^e tZ^^^^^ 

(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). Authority 

These annexes consist of a total of 3 sheets. 
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I ^ Basis of the report 



II 
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III 
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IV 
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V 




VI 
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VII 
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VIII 


□ 



\ unity ( 



Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicabilitv 
citations and explanations suporting such statement 'nausmai appiicaDiiity, 
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INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/E POO/0 1275 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70 16 and 70 1 7))- 
Description, pages: 

1-3,5,7-12 as originally filed 

4.6 with telefax of 15/05/2001 
Claims, No.: 

1 ,2,3 (part), 1 1 as originally filed 

3 (part),4-1 0 with telefax of 1 5/05/2001 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the intemational application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 
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5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report,) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 

No: Claims 1-11 

Inventive step (IS) Yes: Claims 

No: Claims 1-11 

Industrial applicability (lA) Yes: Claims 1 -1 1 

No: Claims 



2. Citations and explanations 
see separate sheet 
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AS TO SECTION V: 

1 . The following documents have been considered: 

D1 : EP-A-0 850 894 (NIPPON CATALYTIC CHEM IND) 1 July 1998 (1998-07- 
01) 

D2: DE 41 42 388 A (SANDOZ AG) 2 July 1 992 (1 992-07-02) 

D1 discloses a cement additive, comprising a copolymer having units derivable 
from polyalkylene glycol ethers of unsaturated alcohols and units derivable from 
maleic acids species (see page 3 and claim 1). 

The copolymers may have additional components such as esters of unsaturated 
acids and polyalkylene glycols (see page 6, lines 28-49). 
These copolymers may be blended with polyalkylene glycol derivatives 
(antifoaming agents) in amounts of up to 10 wt% of the copolymer (see page 8, 
line 21 -59 and page 9, line 24 -32). 

D2 describes similar copolymers having units of esters such as mentioned above 
together with derivatives of unsaturated acids and styrene. 

2. It follows from the discussion of the relevant prior art that the additive of claims 1 - 
3 is not novel. 

The molecular weight of the copolymers, the ratio of components within the 
copolymer and moreover their amounts to be added to a cementitious 
composition as set out in present claims 4-8 and 10 and 1 1 are known as well 
from D1 (see page 1 , lines 46-48; page 3, line 18; page 9, line 24-29). 
The feature of steam curing mentioned in claim 9 was not found in D1 . However 
the wording "...concrete.. for ...steam curing..." cannot install novelty. 

3. It seems, that the optional component (D) mentioned in claim 3 is not mentioned 
inDI. 

Presently it is not to be seen that incorporation of this component results in a 
remarkable technical effect. 

4. It is noted that the upper limit of 1 0% of the polyalkylene glycol component of the 
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blend coincides with tlie lower limit of 10% introduced with the amended claims. 
Therefore this amendment does not install novelty. 

Apart from that such an amendment cannot be allowed under Article 34(2)(b), 

- since it introduces the teaching of a new technical effect which is achieved when 
applying at least amounts as now indicated 

- since such new teaching touches the matter of inventive step 

- and since this teaching is not part of the original disclosure. 

In order to overcome this objection a lower limit of 1 5% as indicated in examples 
may be introduced in a new main claim. 
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International application No. 


International filing date (day/month/year) 


(Earliest) Priority Date (day/month/year) 


PCT/EP 00/01275 


15/02/2000 


15/02/1999 


Applicant 






MBT HOLDING AG et al , 







This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 



. sheets. 



This International Search Report consists of a total of c. 

[X] It is also accompanied by a copy of each prior art document cited in this report. 



1 . Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 

I I the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1(b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing : 
I I contained in the international application in written form. 

filed together with the international application in computer readable form, 
furnished subsequently to this Authority in written form, 
furnished subsequently to this Authority in computer readble form. 



2. 
3. 



□ 
□ 
□ 
□ 

□ 

□ 
□ 



the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished 

Certain claims were found unsearchable (See Box I). 
Unity of invention is lacking (see Box II). 



4. With regard to the title, 

pr| the text is approved as submitted by the applicant. 

I I the text has been established by this Authority to read as follows: 



With regard to the abstract, 

pr] the text is approved as submitted by the applicant, 

the text has been established, according to Rule 3 . , 

within one month from the date of mailing of this international search report, submit comments to this Authority. 



I — I the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant may, 



The figure of the drawings to be published with the abstract is Figure No. 



I I as suggested by the applicant. [X] None of the figures. 

I I because the applicant failed to suggest a figure. 

I I because this figure better characterizes the invention. 
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'P" document published prior to the international fifing date but 
later than the priority date claimed 
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or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 
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4. REMINDER 

The applicant must enter the national phase before each elected Office by performing certain acts miinn 

LT1'^^;.^1"^^'"' " ^ ^^^^ P^ority date (orZ?in son^i O^es^L^ 

39(1)) (see also the reminder sent by the International Bureau with Form PCT/IB/301). ^ ^ 

Where a translation of the international application must be furnished to an elected Office that translatinn ,r,Mct 
rTr^l^l '^T'^ °* ^r^'^"" *° international preliminary examination report ft'l^tt a^p^^^^^^^ 
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100,000 (all molecular weights (MW) referred to herein were measured by gel penneation 
chromatography with polyethylene glycol as standard). 

The invention also relates to the abovementioned cement additive, v^ereinthe 
average molecular weight of the polyaJkylene glycol derivatives is from 1,000-100.000, in 
which the alkyleue is one or more Cz-Ca species, and the tenranal groups of the 
polyattylene glycol is hydrogen or a Ci-C,, aflcylor phenyl group. 

Further, the invention relates to the abovementioned cement additive containing 1 00 
weight parts of the polycarboxyUc acid type copolymers and 10-50 weight parts of the 
polyalkylene glycol derivatives. 



Also, the invention relates to the abovementioned cement additwe, wheiein the 

amount ofthe polycarboxyUc acid type copolymers added to cement is 0.05-1.0 % by 
1 5 weight based on the weight of cement, and the amount of the polyaflgrlene glycol 
derivatives added to cement is 0.005-0.5 % by weight based on the weight of cement. 

Further, the invention relates to use of the abovementioned cement additive inhigh 
strength concrete. 

20 

the invention also relates to the use of the abovementioned cement additive in the 
formatiDn of pre-feimed concrete articles by steam curing. 

The invention forther provides a method of preparation of a M^strength concrete 
25 mix, comprising the incorporatioa in the mix of a cement additWe as heremabove 
described. 



The invention fiirther provides a method of preparation of a concrete mix adapted 
be used for the mamifecture of articles by steam curing, congjrising the incoxporatbn i 
the mix of a cement additive as hereinabove described. 



to 

m 



In a cement additive according to the invention, the monomers (A) are typicaUy 
confounds according to the abovementioned general formula (1), more, specifically, the 
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Specific examples include styrene, styrenesolfonic acid and/or the salts thereof, 
acrylic acid methyl ester. acryUc acid ethyl ester, acrylic acid butyl ester, methaciyliJacid 
methyl ester, methacryHc acid ethyl ester, methacryUc add butyl ester, maleic anhydride, ■ 
maleic acid methyl monoester. maleic acid ethyl monoester, maleic acid methyl diester. ' 
maleic acid ethyl diester, vinyl acetate, aciykmide. aorylamide methylpropansulfenic Lid 
and/or the salts thereof msthallyl sulfbnic acid and/or the salts thereof One or more 
species of 1fae$e may be used. 

Specific non-limiting exanq,les of polycarboxylic acid type copolymers are those 
described in JP, A. H5-306152, JP, A, H6-21 J949, JP. A, H9-286647 and 
JP. A, HIO-236858. 

The composition ratio of the monomers (A) and (B) in the polycarboxylic acid type 
copolymers in the invention to total amount of the monomers is preferably 30-1 00 mole %, 
and the average molecular weight is preferably 3,000-1 00,000. 

In the polyalfcylene glycol derivatives of the invention, the average molecular ^veight 
is 1,000-150,000, preferably 1,000-100,000, more preferably 4,000-50,000, the alkylene is 
one or more C2.C4 species, and it may be block or random in the case of 2 or mote sp^ies, 

thetecminalgroupsofpolyalkyIeneglycolaichydrogen,C,8maximimialkylor^^ 
groups. 

In a cement additive of the inventbn, the preferred proportions ate 1 00 weight parts 
of polycarboxylic acid type copolymers and 10-50 weight parts of polyalkylene glycol 
derivatives. 



A cement additive of the-inventlon is preferably used in such a quantity that 
polycarboxylic acid type copolymers are present m the proportion 0,05-1.0 % by weight 
based on cement weight and polyalkylene glycol derivatives are present in the proportion 
0.005-0.5 % by weight based on cement weight. However, the amount of the cement 
additive according to the invention to be used can be appropriately determined accordmg 
to acement composition used, it basically being the amount which is necessary to attam 
the desired strength development and improved time to form removal after steam curmg. 
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wherein « and R' ' axe each independently hydrogen or methyl, provided that 

not all are methyl; R"o k one or more species ofC^-C, oxyalkylcne groups, and. in the 
case of two or more species, may be block or random; w is an integer an average from 1 to 
300; V and X are each independently an integer from 0 to 2. 

4, A cement additive according to any one of claims 1-3, wherein the con^iosition ratios 
of the monomers (A) and (B) in the polycarboxyiic acid type copolymer are 30-100 mole 
% based on the total mole amount of their monomers, and the average molecular weight of 
said polycarboxyiic acid type copolymer is from 3.000 to 100.000. 



5. A cement additive according to any one of claims 1-3, wherein the avexage molecular 
weight of the polyaDcylene glycol derivative is from 1.000 to 100,000, and in which the 
alkyleneisoneormore C,^, species, and the terminal group of the polyalkylene glycol is 

,1 5 hydrogen, a CrC,« afltyl group or a phenyl group. 

6. A cement additive accordmg to any one of claims 1-5, containing 100 weight parts of 
the polycarboxyHc aoid type copolymer and 10-50 weight parts of the polyalkylene glycol 
derivative in the mixing proportion. 



7, A cement adative according to any one of claims 1-6. whereinthe amount used m a 
cementitious con«,osition is such that the amount of poIycarbo:^Kc add type copolymer to 
cement is 0.05-1 .0 % by weight based on the weight of cement, and the amount of the 
polyalkylene glycol derivative to cement is 0.005-0.5 % by weight based on the weight of 

25 cement. 



8. A high strength concrete mix, con^rising a cement additive according to any one of 
claims 1-7. 

9. Aconcretemixfortheproductionofarticlesbysteamcuring,comprisingace^ 
30 additive according to any one of claims 1-7. 

10. A method of prepaation of a Ugh-arengft coa=re,c -nix. coa,pri^ ^ tacorpoMion 
m the mK of a cement addilive according to any one of claims 1-7. 
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100,000 (all molecular weights (MW) referred to herein were mea/ured by gel permeation 
chromatography with polyethylene glycol as standard). 

The invention also relates to the abovementioned cemen( additive, wherein the 
5 average molecular weight of the polyalkyiene glycol derivat^es is from 1,000-100,000, in 
which the alkylene is one or more C2-C4 species, and the te/ninal groups of the 
polyalkyiene glycol is hydrogen or a C,-C,8 alkyi or phenyl group. 

Further, the invention relates to the abovementioiid cement additive containing 100 
10 weight pans of the polycarbo.xylic acid type copolyme/ and 10-50 weight parts of the 
polyalkyiene glycol derivatives. 

Also, the invention relates to the abovementioied cement additive, wherein the 
amount of the polycarbo.xylic acid type copolymer/added to cement is 0.05-1.0 % by 
15 weight based on the weight of cement, and the amSunt of the polyalkyiene glycol 

derivatives added to cement is 0.005-0.5 % by wight based on the weight of cement. 

Further, the invention relates to use of tlW abovementioned cement additive in high 
strength concrete. / 

20 



The invention also relates to the use o^the abovementioned cement additive in the 



formation of pre-formed concrete articles b/steam 



curing. 



The invention further provides a metiiod of preparation of a high-strength concrete 
mi.x, comprising the incorporation in the ykx of a cement additive as hereinabove 

described. 



The invention funher provides a iiethod of preparation of a concrete mi.x adapted to 
be used for the manufacture of articles by steam curing, comprising the incorporation in 
30 the mi.x of a cement additive as hereinabove described 

In a cement additiNe according to the invention, the monomers (A) are typically 
compounds according to the aboveminioned general formula ( I ). more specifically, the 
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Specific examples include styrene, styrenesulfonic acid and/or/the salts thereof, 
acrylic acid methyl ester, acrylic acid ethyl ester, acrylic acid butyl^ster, methacrylic acid 
methyl ester, methacrylic acid ethyl ester, methacrylic acid butyl /ster, maleic anhydride, 
maleic acid methyl monoester, maleic acid ethyl monoester, maleic acid methyl diester, 
maleic acid ethyl diester, vinyl acetate, acrylamide, acrylamide/inethylpropansulfonic acid 
and/or the salts thereof, methallyl sulfonic acid and/or the sa\^ thereof. One or more 
species of these may be used. 



Specific non-limiting examples of polycarboxyiic ad\d type copolymers are those 
described in JP, A, H5-306I52, JP. A, H6-21 1949, JP, a/h9-286647 and 
-IP, A, HI 0-236858. 



The composition ratio of the monomers (A) and/(B) in the polycarboxyiic acid type 
copolymers in the invention to total amount of the mddomers is preferably 30-100 mole %, 
and the average molecular weight is preferably 3,000-100,000. 



/ 



In the polyalkylene glycol derivatives of the invention, the average molecular weight 
is 1,000-150,000, preferably 1,000-100,000, more preferably 4,000-50,000, the alkylene is 
one or more C2-C4 species, and it may be block oilrandom in the case of 2 or more species, 
the terminal groups of polyalkylene glycol are hvtlrogen, C,8 maximum alkyl or phenyl 
groups. 



In a cement additive of the invention, thelpreferred proportions are 100 weight parts 
of polycarboxyiic acid type copolymers and I0|50 weight parts of polyalkylene glycol 
derivatives. , 



A cement additive of the invention is preferably used in such a quantity that 
polNcarboxylic acid t\ pe copolymers are present in the proportion 0,05-1 .0 % by weight 
based on cement weight and polyalkylene glyfcol derivatives are present in the proportion 
0.005-0.5 % by weight based on cement weiilht. However, the amount of the cement 
additive according to the invention to be used can be appropriately determined according 
to a cement composition used, it basically bding the amount which is necessary to attain 
the desired strength development and improved time to form removal after steam curing, 
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wherein R'-\ r'^ , r'" and r" are each independently hydrogen or methyl, provided that 
not all are methyl; R"o is one or more species of C2-C4 oxyalkyle4 groups, and, in the 
case of two or more species, may be block or random: w is an iijteger an average from 1 to 
300; V and x are each independently an integer from 0 to 2. 

4. A cement additive according to any one of claims 1-3, wfcrein the composition ratios 
of the monomers (A) and (B) in the polycarboxylic acid tX copolymer are 30-100 mole 
% based on the total mole amount of their monomers, Jd the average molecular weight of 
said polycarboxylic acid type copolymer is from 3,OOo/) 100,000. 

5. A cement additive according to any one of claim/ 1 -3, wherein the average molecular 
weight of the polyalkylene glycol derivative is froij/ 1.000 to 100,000, and in which the 
alkylene is one or more C2-C4 species, and the ter/inal group of the polyalkylene glycol is 
hydrogen, a Ci-Cis alkyi group or a phenyl grou/. 

6. A cement additive according to any one of/laims I -5, containing 1 00 weight parts of 
the polycarboxylic acid type copolymer and A-SO weight parts of the polyalkylene glycol 
derivative in the mixing proportion. / 

/ 

7. A cement additive according to any one of claims 1-6, wherein the amount used in a 
cementitious composition is such that thiamount of polycarboxylic acid type copolymer to 
cement is 0.05-1 .0 % by weight based on the weight of cement, and the amount of the 
polyalkylene glycol derivative to cemei| is 0.005-0.5 % by weight based on the weight of 
cement. 

8. A high strength concrete mix, comprising a cement additive according to any one of 
claims 1-7. | 

9. A concrete mix for the production of articles by steam curing, comprising a cement 
additive according to any one of Claims 1-7. 



10. A method of preparation of a hiijh-strength concrete mix. comprising the incorporation 
in the mix of a cement additive dtcording to any one of claims 1 -7. 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Internationa! Patent Classification ^ 
C04B 24/26 



Al 



(11) International Publication Number: WO 00/48961 

(43) International Publication Date: 24 August 2000 (24.08.00) 



(21) International Application Number: PCT/EPOO/01275 

(22) International Filing Date: 15 February 2000 (15.02,00) 



(30) Priority Data: 

1 1/35350 



15 February 1999 (15,02.99) 



JP 



(71) Applicant {for all designated States except US): MBT HOLD- 

ING AG [CH/CH]; Vulkanstrasse 110, CH-8048 Zurich 
(CH). 

(72) Inventors; and 

(75) Inventors^Applicants (for US only): YAGUCHI. Minoru 
[JP/JP]; 2722, Hagizono, Chigasaki-shi, Kanagawa-ken 
(JP). NAGAMINE, Hidenori [JP/JP]; 2722, Hagizono, 
Chigasaki-shi, Kanagawa-ken (JP). KANEI, Keita [JP/JP]; 
2722, Hagizono, Chigasaki-shi, Kanagawa-ken (JP). 

(74) Agent: MCSTEA, John, Anthony; MBT (Schweiz) AG, Patents 
and Trade Marks, Vulkanstrasse 110, CH-8048 Zurich 
(CH). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG 
BR, BY, CA, CH, CN, CR, CU. CZ, DE, DK, DM, EE. 
ES, FI, GB. GD, GE. GH, GM, HR, HU, ID, IL. IN, IS, JP, 
KE, KG, KP, KR, KZ, LC, LK, LR, LS. LT, LU. LV, MA 
MD, MG, MK, MN. MW, MX, NO, NZ, PL, PT, RO, RU, 
SD. SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, UG 
US, UZ. VN, YU, ZA, ZW, ARIPO patent (GH, GM, KE, 
LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian patent (AM, 
AZ, BY, KG, KZ. MD, RU, TJ, TM), European patent (AT, 
BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE). OAPI patent (BF, BJ, CF. CG, CI, CM, 
GA, GN, GW, ML, MR. NE. SN, TD, TG). 



Published 

With international search report. 



(54) Title: CEMENT ADDITIVE 
(57) Abstract 

A cement additive comprising a polycarboxylic acid type copolymer and/or a salt thereof and a polyalkylene glycol derivative, wherein 
said polycarboxylic acid type copolymer contains one or more species of copolymers composed of at least an unsaturated polyalkylene 
glycol type monomer and an unsaturated mono- or dicarboxylic acid type monomer as their monomer components. Concretes in which the 
additive is used have excellent flow, without significant retarding effect, and a low air entrainment. When used with concrete for steam 
curing, it allows earlier removal of form work. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCX on the front pages of pamphlets publishing international applications under the PCX. 



AL Albania 

AM Armenia 

AT Austria 

Al) Australia 

AZ Azerbaijan 

BA Bosnia and Herzegovina 

BB Barbados 

BE Belgium 

BF Burkina Faso 

BG Bulgaria 

BJ Benin 

BR Brazil 

BY Belarus 

CA Canada 

CF Central African Republic 

CG Congo 

CH Switzerland 

CI C6te d'lvoire 

CM Cameroon 

ON China 

CU Cuba 

CZ Czech Republic 

DE Germany 

DK Denmark 

EE Estonia 



ES 


Spain 


LS 


Lesotho 


SI 


FI 


Finland 


LT 


Lithuania 


SK 


FR 


France 


LU 


Luxembourg 


SN 


GA 


Gabon 


LV 


Latvia 


SZ 


GB 


United Kingdom 


MC 


Monaco 


TD 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


CH 


Ghana 


MG 


Madagascar 


TJ 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


GR 


Greece 




Republic of Macedonia 


TR 


HU 


Hungary 


ML 


Mali 


TY 


IE 


Ireland 


MN 


Mongolia 


UA 


IL 


Israel 


MR 


Mauritania 


UG 


IS 


Iceland 


MW 


Malawi 


US 


IT 


Italy 


MX 


Mcx ico 


uz 


JP 


Japan 


NE 


Niger 


VN 


KE 


Kenya 


NL 


Netherlands 


YU 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


KP 


Democratic People's 


NZ 


New Zealand 






Republic of Korea 


PL 


Poland 




KR 


Republic of Korea 


PT 


Portugal 




KZ 


Kazakstan 


RO 


Romania 




LC 


Saint Lucia 


RU 


Russian Federation 




LI 


Liechtenstein 


SO 


Sudan 




LK 


Sri Lanka 


SE 


Sweden 




LR 


Liberia 


SG 


Singapore 





Slovenia 

Slovakia 

Senegal 

Swaziland 

Chad 

Togo 

Tajikistan 

Turkmenistan 

Turkey 

Trinidad aiid Tobago 

Ukraine 

Uganda 

United States of America 

Uzbekistan 

Vict Nam 

Yugoslavia 

Zimbabwe 



PCT/EPOO/01275 



10 



20 



25 



Cement Additive 

This invention relates to a cement additive and more particularly, to a cement 
additive used to improve the fluidity and appearance of strength of cement slurry, cement 
paste, mortar and concrete. 

Various cement additives comprising polycarboxylic acid type copolymers have 
been proposed for enhancing the fluidity and flowability of concrete. While this works well 
for ordinary concretes, it is not so effective when high strength and high durability are 
required, as such copolymers tend to entrain an excess of air and retard setting. 



In relation to pre-formed concrete products, it is strongly desired to decrease the total 
time spent in a form and to prevent defects when the fonn is removed. For such products, 
good appearance is also highly desirable, when the form is removed after steam curing. 
15 Various polycarboxylate materials to achieve this have been proposed, but none have been 
entirely satisfactory, causing such problems as retarded setting and low fluidity. 

It has now been found that a cement additive containing a polycarboxylic acid type 
copolymer and a polyalkylene glycol derivative having a specific molecular structure can 
alleviate and sometimes completely remove all the above-mentioned problems, by having a 
high dispersing ability for various concretes, improving and retaining the fluidity of 
concrete, and also making it possible to increase the strength of pre-formed concrete, such 
that fonn removal after steam curing can be carried out relatively early, giving a product 
with low aeration. 



The invention therefore provides a cement additive containing a polycarboxylic acid 
type copolymer and/or the salts thereof and a polyalkylene glycol derivative, said 
polycarboxylic acid type copolymer contains at least one species of copolymer, the 
monomers of which copolymer comprise at least an unsaturated polyalkylene glycol type 
30 monomer (A) and an unsaturated mono- or dicarboxylic acid type monomer (B). 

The invention also relates to a cement additive, wherein the polycarboxylic acid type 
copolymers are copolymers which additionally include as monomer components an 



CONFIRMATION COPY 
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unsaturated polyalkylene glycol ester type monomer (C) and/or a monomer (D) 
polymerizable with the above-mentioned monomers (A) and (B), or with the monomers 
(A). (B) and (C). 

The invention further relates to the above-mentioned cement additive, wherein the 
monomer (A) is a compound according to the general formula (1): 



(1) 



R'* (R^OoR^ 



are 



wherein R\ and R^ are each independently hydrogen or methyl, provided that not all 
methyl; R^ is -CH2O-, -(CH2)20-. -C(CH3)20- or -0-; the total carbon number of R'. R^, R^ 
and R^ is 3; R^O is one or more species of C2-C4 oxyalkylene groups, and in the case of 
two or more species may be block or random; R* is hydrogen or a C,-C22 alkyl, phenyl or 
C1-C18 alkylphenyl group; p is an integer from on average 1 to 100; 



the monomer (B) is a compound according to the general formula (2): 
C (2) 

I I 

r9 r^°oom^ 



wherein R' and R* are each independently hydrogen or methyl; R' is hydrogen, methyl 01 
(CH2)qCOOM^ R"* is -(CH2)r-; q and r are each independently an integer from 0 to 2; M 
and are a monovalent metal, a divalent metal, ammonium or an organic amine; 
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the monomer (C) is a compound according to the general formula (3): 



)12 



HC— C 



(3) 



R^^ (CH2)sCOO(R13o)^r14 



IS an 



wherein R" and are each independently hydrogen, methyl or (CH2)uCOOM\ u 
integer from 0 to 2, is a monovalent metal, a divalent metal, ammonium or an organic 
amine; R'^0 is one or more species of C1-C4 oxyalkylene groups, and in the case of two 
more species may be block or random; R"* is hydrogen or a Ci-C22 alkyl, phenyl or Ci-C; 
alkylphenyl group; s is an integer from 0 to 2; t is an integer an average from 1 to 300; and 

the monomer (D) is a compound according to the general formula (4): 



or 
22 



l^^ R^^ 1,18 T5I9 



HC— C c — CH 

I I 

(CH2) vCOO (R^'^O) „OC (CH2 ) X 



(4) 



wherein R'^, R*^ R*^ and R'^ are each independently hydrogen or methyl, provided that 
not all are methyl; R^^O is one or more species of C2-C4 oxyalkylene groups, and in the 
case of two or more species may be block or random; w is an integer an average from 1 to 
300; V and x are each independently an integer from 0 to 2. 

The invention also relates to the abovementioned cement additive, wherein the 
composition ratios of the monomers (A) and (B) in the polycarboxylic acid-type 
copolymers are 30-100 mole % based on the total mole amount of the monomers, and the 
average molecular weight of said poIycarboxyHc acid-type copolymer is from 3,000- 
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100,000 (all molecular weights (MW) referred to herein were measured by gel permeation 
chromatography with polyethylene glycol as standard). 

The invention also relates to the abovementioned cement additive, wherein the 
average molecular weight of the polyalkylene glycol derivatives is from 1,000-100,000, in 
which the alkylene is one or more C2-C4 species, and the terminal groups of the 
polyalkylene glycol is hydrogen or a C1-C18 alkyl or phenyl group. 

Further, the invention relates to the abovementioned cement additive containing 100 
weight parts of the polycarboxylic acid type copolymers and 5-50 weight parts of the 
polyalkylene glycol derivatives. 

Also, the invention relates to the abovementioned cement additive, wherein the 
amount of the polycarboxyhc acid type copolymers added to cement is 0.05-1.0 % by 
weight based on the weight of cement, and the amount of the polyalkylene glycol 
derivatives added to cement is 0.0025-0.5 % by weight based on the weight of cement. 

Further, the invention relates to use of the abovementioned cement additive in high 
strength concrete. 

The invention also relates to the use of the abovementioned cement additive in the 
formation of pre-formed concrete articles by steam curing. 

The invention further provides a method of preparation of a high-strength concrete 
mix, comprising the incorporation in the mix of a cement additive as hereinabove 
described. 

The invention further provides a method of preparation of a concrete mix adapted to 
be used for the manufacture of articles by steam curing, comprising the incorporation in 
the mix of a cement additive as hereinabove described. 

In a cement additive according to the invention, the monomers (A) are typically 
compounds according to the abovementioned general formula (1), more specifically, the 
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compounds in which 1-100 mole of an alkylene oxide is added to an unsaturated alcohol 
such as 3-methyl-2-buten-l-ol, S-methyl-S-buten-l-ol. 2-methyl-3-buten-2-ol. One or mc 
species of unsaturated alcohol may be used. 



Examples of monomers (B) include compounds according to general formula (2), 
more specifically, for example, acrylic acid, methacrylic acid, crotonic acid, maleic acid, 
fumaric acid, itaconic acid and citraconic acid. One or more species of these may be used. 

Monomers (C) are typically compounds according to general formula (3). Specific 
examples include unsaturated polyalkylene glycol monoester type monomers such as 
polyethylene glycol monoesters, polypropylene oxide monoesters, monoesters of 
polyethylene glycol/polypropylene oxide copolymers, derivatives in which a terminal 
hydrogen of these glycols is etherified, and the like, such as triethylene glycol 
monoacrylate, polyethylene glycol (MW 200) monoacrylate, polyethylene glycol (MW 
400) monoacrylate, polyethylene glycol (MW 600) monoacrylate, polyethylene glycol 
(MW 1000) monoacrylate, polyethylene glycol (MW 2000) monoacrylate, polyethylene 
glycol (MW 4000) monoacrylate, polyethylene glycol (MW 6000) monoacrylate, 
triethylene glycol monomethacrylate, polyethylene glycol (MW 200) monomethacrylate, 
polyethylene glycol (MW 400) monomethacrylate, polyethylene glycol (MW 600) 
monomethacrylate, polyethylene glycol (MW 1000) monomethacrylate, polyethylene 
glycol (MW 2000) monomethacrylate. polyethylene glycol (MW 4000) monomethacrylate 
and polyethylene glycol (MW 6000) monomethacrylate, and one or more species of these 
may be used. 



The monomers (D) are typically compounds according to general formula (4), 
specific examples including unsaturated polyalkylene glycol diester type monomers and/or 
styrene, styrenesulfonic acid and/or the salts thereof, acryUc acid alkyl esters (alkyl of C22 
maximum), methacrylic acid alkyl ester (alkyl of C22 maximum), maleic anhydride, maleic 
acid monoesters (alkyl of C22 maximum), and/or alkylene glycol of C3 maximum and 1- 
300 alkylene glycol units, maleic acid diester (alkyl of C22 maximum and /or alkylene 
glycol of C3 maximum and 1-300 alkylene glycol units, vinyl acetate, acrylamide and 
acrylamide methylpropansulfonic acid and/or the salts thereof 
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Specific examples include styrene, styrenesulfonic acid and/or the salts thereof, 
acrylic acid methyl ester, acrylic acid ethyl ester, acrylic acid butyl ester, methacrylic acid 
methyl ester, methacrylic acid ethyl ester, methacrylic acid butyl ester, maleic anhydride, 
maleic acid methyl monoester, maleic acid ethyl monoester, maleic acid methyl diester, 
maleic acid ethyl diester, vinyl acetate, acrylamide, acrylamide methylpropansulfonic acid 
and/or the salts thereof, methallyl sulfonic acid and/or the salts thereof One or more 
species of these may be used. 

Specific non-limiting examples of polycarboxylic acid type copolymers are those 
described in JP, A, H5-306152, JP, A, H6-21 1949, JP, A, H9-286647 and 
JP, A, HlO-236858. 

The composition ratio of the monomers (A) and (B) in the polycarboxylic acid type 
copolymers in the invention to total amount of the monomers is preferably 30-100 mole %, 
and the average molecular weight is preferably 3,000-100,000. 

In the polyalkylene glycol derivatives of the invention, the average molecular weight 
is 1,000-150,000, preferably 1,000-100,000, more preferably 4,000-50,000, the alkylene is 
one or more C2-C4 species, and it may be block or random in the case of 2 or more species, 
the terminal groups of polyalkylene glycol are hydrogen, Cis maximum alkyl or phenyl 
groups. 

In a cement additive of the invention, the preferred proportions are 100 weight parts 
of polycarboxyHc acid type copolymers and 5-50 weight parts of polyalkylene glycol 
derivatives. 

A cement additive of the invention is preferably used in such a quantity that 
polycarboxylic acid type copolymers are present in the proportion 0,05-1 .0 % by weight 
based on cement weight and polyalkylene glycol derivatives are present in the proportion 
0.0025-0.5 % by weight based on cement weight. However, the amount of the cement 
additive according to the invention to be used can be appropriately determined according 
to a cement composition used, it basically being the amoimt which is necessary to attain 
the desired strength development and improved time to form removal after steam curing. 
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and it is possible that suitable proportions outside these limits may be found. 

A cement additive according to the invention may be used for stiff consistency 
concrete, plastic concrete, high fluidity concrete, high strength concrete, cement paste as 
generally used, mortar, grout, concrete and the like, although the beneficial effects of the 
invention are most noticeable in high strength concrete in which the water/cement ratio is 
low. 

A cement additive according to the invention may be mixed, if desired, with other 
additives to expand its versatility. Typical examples of other additives are conventional 
water-reducing agents (lignosulfonate, oxycarboxylate, polyalkylsulfonate, 
polycarboxylate), air content-regulating agents, drying shrinkage reducing agents, 
accelerators, retarders, foaming agents, anti-foaming agents, anti-rust agents, set 
acceleration agents, high early-strengthening agents, efflorescence-inhibiting agents, 
bleeding inhibitors, pumping aids, and water-soluble polymers. 

A cement additive according to the invention exhibits a high dispersing ability of a 
degree never obtained by use only of polycarboxylic acid-type copolymers to various 
concretes such as ordinary concrete, high strength concrete and steam curing concrete. 
Without restricting the scope of the invention in any way, it is believed that this is the 
result of a synergistic effect of the polycarboxylic acid type copolymers and the 
polyalkylene glycol derivatives. It both enhances the fluidity of concrete and maintains this 
fluidity, thereby making it possible to increase the strength development and decrease the 
time for form removal after steam curing. The latter is particularly valuable in that it 
permits economies such as the reduction of time spent in a form used and the reduction of 
defects in concrete products manufactured in a concrete factory. 

The invention is now fiirther illustrated by the following non-limiting examples 
wherein are used the cement additives containing polycarboxylic acid type copolymers and 
polyalkylene glycol derivatives according to the invention. 



Examples 

The compositions of the polycarboxylic acid type copolymers in the cement 
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additives used in the examples and in the comparative examples are shown in Table 1 . 
Said polycarboxylic acid type copolymers can be obtained by known polymerization 
methods described in, for example, JP, A, H5-306152, JP, A, H6-21 1949, 
JP, A, H9-286647 and JP, A, HI 0-23685 8. The polyalkylene glycol derivatives in the 
cement additives used in the examples and in the comparative examples are also shown in 
Table 2. 

In order to illustrate the effect of these cement additives, the concrete compositions 
(shown in Table 3) are designed to have slump of 18.5±1 cm and air content 4.5%. The 
total quantity of materials in each case is 80 litres, and all the materials are added to a 100 
litre pan-type forced mixing mixer, and mixed for 120 sec. to give the concrete 
compositions. The concrete compositions thus obtained are measured for slump , air 
content, setting time and compressive strength. Further, the compressive strength in the 
case of accelerating the appearance of strength by steam curing was measured. 

1) Slump: measured according to JIS A 1101, 

2) Air content: measured according to JIS A 1 128, 

3) Setting time: measured according to JIS A 6204 Supplement 1, 

4) Compressive strength 

Ordinary curing: measured according to JIS A 1 108, 

Steam curing: the sample is pre-cured at 20°C for 2 hr, then warmed to 65°C in 2 hrs 
30 min, kept at 65 °C for 4 hrs. After allowing to cool to 20°C over 4 hrs, the testing is 
carried out according to JIS A 1 108. 

(Materials used) 
Mixing water: tap water. 

Cement: ordinary portland cement (density 3.16 g/cm\ 

Fine aggregate: Oi River pit sand (specific gravity 2.59, FM=2.74), 

Coarse aggregate: Oume crushed stone (specific gravity 2.65, MS[median size?]=20mm). 

The results of the above measurement are shown in Table 4. In the Table, the 
examples 1-13 and the comparative examples 1-4 are for the results obtained from the 
ordinary cement, and the examples 14, 15 and the comparative examples 5, 6 are those 
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obtained from the high strength concrete. 

The examples 1-7 show the cases in which the type of the polycarboxyhc acid type 
copolymers is changed, and the examples 1 and 8-13 are the cases in which the type of the 
polyalkylene glycol derivatives is changed. 

The comparative examples 1 and 5 show the cases in which a polyalkylene glycol 
derivative is not used, and the comparative examples 2-4 and 6 are the cases in which 
compounds other than the polycarboxyhc acid type copolymers in the invention are used. 

As is evident from the comparison between the comparative example 1 and the 
examples 1-13, and from the comparison between the comparative example 5 and the 
examples 14 and 15, the ordinary concrete and the high strength concrete, in which the 
cement additives together with the polyalkylene glycol derivatives of the invention are 
used, both show a tendency to accelerate setting, whereby the slump values are large 
(fluidity) and their slump lowering over 60 min is small (high flowability), demonstrating a 
preferable compressive strength both for ordinary ciuing and steam curing. 

The comparative examples 2-4 and 6 are those in which compounds other than the 
polycarboxyhc acid type copolymers in the invention are used, though in these examples 
the development of compressive strength is not sufficient, because there is demonstrated a 
retardation of setting. 
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Table 2 



Sample mark 


Component name of polyalkylene glycol 


molecular 
weight 


PAG-1 


Polyethylene glycol 


4000 


PAG-2 


Polyethylene glycol 


6000 


PAG-3 


Polyethylene glycol 


10000 


PAG-4 


Polyethylene glycol 


20000 


PAG-5 


Polyethylene glycol 


50000 


PAG-6 


Polyethylene glycol-polypropylene glycol block 
polymer 


4000 


PAG-7 


Polyethylene glycol oleic acid ester 


5000 



5 Table 3 (Blend) 



Type of 
Concrete 


W/C 
(%) 


s/a 

(%) 


Unit amount (Kg/m^) 


W 


C 


S 


G 


Ordinary 
Concrete 


50 


46 


160 


320 


823 


993 


High-strength 
concrete 


35,6 


44 


160 


450 


741 


968 
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Claims 



1. A cement additive comprising a polycarboxylic acid type copolymer and/or a salt 
5 thereof and a polyalkylene glycol derivative, wherein said polycarboxylic acid type 

copolymer contains at least one species of copolymer derived from at least an unsaturated 
polyalkylene glycol ether type monomer (A) and an unsaturated mono- or dicarboxylic 
acid type monomer (B) as its monomer component. 



10 2. A cement additive according to claim 1, wherein the polycarboxylic acid type 

copolymer is additionally derived from an unsaturated polyalkylene glycol ester type 
monomer (C) and/or a monomer (D), which is copolymerizable with the above monomers 
(A) and (B), or with the monomers (A), (B) and (C). 

15 3. A cement additive according to claim 1 or 2, wherein the monomer (A) is a compound 
according to general formula (1): 



(1) 



r3 r4 (R5o)pR« 



20 wherein and R"* are each independently hydrogen or methyl, provided that not all are 

methyl; R^* is -CH2O-, -(CH2)20-, -C(CH3)20- or -0-; the total carbon number of R\ R^ R^ 
and R"* is 3; R^O is one or more species of C2-C4 oxyalkylene groups, and, in the case of 
two or more species, may be block or random; R^ is hydrogen or a C1-C22 alkyl, phenyl or 
CrCi8 alkylphenyl group; p is an integer from on average 1 to 100, 

25 

the monomer (B) is a compound according to general foraiula (2): 
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(2) 



R5 



R^°OOM^ 



wherein R' and are each independently hydrogen or methyl; R" is hydrogen, methyl or 
(CH2)qCOOM^; R'" is -(CH2)r-; q and r are each independently an integer from 0 to 2; M' 
and are a monovalent metal, a divalent metal, ammonium or an organic amine; 

the monomer (C) is a compound according to general formula (3): 



10 



15 



il2 



HC 



.11 



(3) 



(CH2) sCOO(R"0) tR^4 



IS an 



or 



wherein R" and R'^ are each independently hydrogen, methyl or (CH2)uCOOM^, u 
integer from 0 to 2, is a monovalent metal, a divalent metal, ammonium or an organic 
amine; R'^O is one or more species of C2-C4 oxyalkylene groups, and, in the case of two 
more species, may be block or random; R** is a C1-C22 hydrogen or an alkyi, phenyl or Ci- 
C22 alkylphenyl group; s is an integer from 0 to 2; t is an integer an average from 1 to 300; 
and 

the monomer (D) is a compound according to the following general formula (4): 



)15 



HC = 



Rl6 



Ri^ 



Ri9 



CH 



(4) 



( CH2 ) vCOO ( Ri'^O) wOC ( CH2 ) X 
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Wherein R , R'^ r'^ and R" are each independently hydrogen or methyl, provided that 
not all are methyl; R"0 is one or more species of C2-C4 oxyalkylene groups, and, in the 
case of two or more species, may be block or random; w is an integer an average from 1 to 
300; V and x are each independently an integer from 0 to 2. 

4. A cement additive according to any one of claims 1-3, wherein the composition ratios 
of the monomers (A) and (B) in the polycarboxylic acid type copolymer are 30-100 mole 
% based on the total mole amount of their monomers, and the average molecular weight of 
said polycarboxyhc acid type copolymer is from 3,000 to 100,000. 

5. A cement additive according to any one of claims 1-3, wherein the average molecular 
weight of the polyalkylene glycol derivative is from 1,000 to 100,000, and in which the 
alkylene is one or more C2-C4 species, and the terminal group of the polyalkylene glycol is 
hydrogen, a Ci-Cig alkyl group or a phenyl group. 

6. A cement additive according to any one of claims 1-5, containing 100 weight parts of 
the polycarboxylic acid type copolymer and 5-50 weight parts of the polyalkylene glycol 
derivative in the mixing proportion. 

7. A cement additive according to any one of claims 1-6, wherein the amount used in a 
cementitious composition is such that the amount of polycarboxylic acid type copolymer to 
cement is 0.05-1.0 % by weight based on the weight of cement, and the amount of the 
polyalkylene glycol derivative to cement is 0.0025-0.5 % by weight based on the weight of 
cement. 



8. A high strength concrete mix, comprising a cement additive according to any one of 
claims 1-7. 

9. A concrete mix for the production of articles by steam curing, comprising a cement 
additive according to any one of claims 1-7. 

10. A method of preparation of a high-strength concrete mix, comprising the incorporation 
in the mix of a cement additive according to any one of claims 1-7. 
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1 1. A method of preparation of a high-strength concrete mix, comprising the incorporation 
in the mix of a cement additive according to any one of claims 1-7. 
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